We demonstrate electron spin polarization detection and electron paramagnetic resonance (EPR) spectroscopy using a direct current superconducting quantum interference device (dc-SQUID) magnetometer. Our target electron spin ensemble is directly glued on the dc-SQUID magnetometer that detects electron spin polarization induced by a external magnetic field or EPR in micrometer-sized area. The minimum distinguishable number of polarized spins and sensing volume of the electron spin polarization detection and the EPR spectroscopy are estimated to be ∼10 6 and ∼10 −10 cm 3 (∼0.1 pl), respectively. 
crowave cavity does in the conventional EPR spectrometers. Recently, metallic coplanar waveguides are also used 6 to perform on-chip ESR spectroscopy in wider temperature and magnetic field range. On the other hand, EPR spectroscopy has also been performed with a pickup coil and a direct current superconducting quantum interference device (dc-SQUID) amplifier 7, 8 . In this method, the change of magnetization induced by EPR is detected by a pickup coil and the information is transferred to the dc-SQUID amplifier placed far from the sample to avoid high magnetic fields. In these EPR spectrometers using superconducting devices, spatial resolution is limited by the detector size, which is typically millimeter scale. To improve the spatial resolution, a field gradient is used in the case of conventional EPR spectrometers.
In such a case, the spatial resolution is limited to about 0.1 mm due to linewidth of the spectrum and strength of the field gradient.
In this Letter, we demonstrate a novel method for EPR spectroscopy using a dc-SQUID magnetometer. We use a direct magnetic coupling between a dc-SQUID and electron spins to detect the electron spin polarization induced by EPR. This scheme has promising characteristics as follows: DcSQUIDs are known to be a sensitive magnetometer with the sensitivity of ∼10 In our method, the electron spin polarization is detected as follows 15 : Considering the compatibility with pulsed measurements and the readout scheme of the superconducting flux qubits, we measure the switching current of a dc-SQUID I sw in time domain rather than the dc voltage. This is determined by the magnetic flux penetrating the dc-SQUID Φ:
where I 
where µ B is the Bohr magneton; g is the We theoretically estimate the effective Landé factorg for our experiment as follows: Thermal population is calculated using the Boltzmann distribution exp(−E k /k B T ).
Here, E k is an energy eigenvalue calculated from the spin Hamiltonian,
where S (I) is a electron (nuclear) spin vector operator; A is a hyperfine tensor; and Q is a nuclear quadruple tensor. We can average the Landé factor due to the thermal population for different crystallographic sites or the We can also estimate the sensing volume.
The sensing area is limited in the dc-SQUID loop. In our case, it is 101 µm 2 . It is worth mentioning that compared to conventional EPR spectrometers, our method is more sensitive to the spin ensemble near the interface between the sample and the dc-SQUID. This is because the magnetic coupling strength between them is determined by the distance. Assuming a few micrometer of effective thickness 21 , the effective sensing volume of this experiment is estimated to be ∼10 −10 cm 3 (∼0.1 pl), which is 100 times smaller than the ESR spectroscopy using a 
